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1

METHOD OF FORMING A THIN SUBSTRATE
CHIP SCALE PACKAGE DEVICE AND
STRUCTURE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Korean Patent Applica-
tion No. 10-2012-0040673 filed on Apr. 19, 2012, which 1s
expressly incorporated by reference herein.

BACKGROUND

The present invention relates to electronic devices, and
more specifically to electronic device package structures and
methods of fabricating the same.

Electronic devices, such as semiconductor dies are conven-
tionally enclosed 1n plastic packages that protect the semi-
conductor die from hostile environments and that enable elec-
trical interconnection between the semiconductor die and a
next level of assembly, such as a printed circuit board (PCB)
or motherboard. The elements of a typical electronic package
include a conductive leadirame or substrate, an integrated
circuit or semiconductor die, conductive structures, such as
bond wires or solder balls that electrically connect pads on the
semiconductor die to individual leads of the leadirame or
substrate; and a hard plastic encapsulant material that covers
the other components and forms an exterior of the semicon-
ductor package commonly referred to as the package body.
Portions of the individual leads can be exposed to electrically
connect the package to the next level assembly.

Chip scale packaging (“CSP”) 1s one packaging technique
currently used to support end-user demands for increased
integration and increased functionality coupled with
demands for thinner and smaller footprint packages. One type
of CSP device 1s referred to as a thin substrate CSP device or
tsCSP device. FIGS. 3A to 3E show cross-sectional views of
a known manufacturing process for fabricating tsCSP style
devices.

As shown in FIG. 3A, a cavity 2 1s formed 1n a dual stepped
manner on a bottom surface of a leadframe 1. Next, cavity 2
of leadirame 1 1s filled with a dielectric material 3 so that a
bottom surface of dielectric material 3 1s coplanar with the
bottom surface of leadframe 1 as shown 1n FIG. 3B.

Subsequently, an etching process 1s used to form a desired
pattern on the top surface of leadirame 1, as shown 1n FIG.
3C. During the etching process, portions of the top and side
surfaces of leadirame 1 are removed to form multiple 1nde-
pendent terminals 4 having a predetermined pattern or array.
Dielectric material 3 insulates the independent terminals 4
from each other.

Next, as shown 1n FIG. 3D, bond pads on a semiconductor
chip § are attached to imndependent terminals 4 on the top
surface of leadirame 1 using conductive bumps 6. Thereatfter,
the structure 1s placed into a molding apparatus and the struc-
ture 1s molded with a molding compound resin 7 as shown 1n
FIG. 3E. Molding compound resin 7 encapsulates semicon-
ductor chip 5 as well as the top surface of leadirame 1. In the
completed tsCSP device, independent terminals 4 are
exposed through a bottom surface thereof to be mounted to a
next level of assembly.

The conventional tsCSP fabrication method of FIGS. 3A-E
has several disadvantages. First, the very thin leadirame 1s
very difficult to handle during the etching process and the
independent terminals are left unsupported except for the
insulation material, which has been found to be very limited
and 1neffective. The handling problems also atfect the step of
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mounting the semiconductor chip to the independent termi-
nals and the external forces have been found to cause break-
age and other failure mechanisms.

Second, because the independent terminals, the mnsulating
material, and the semiconductor chip have different thermal
expansion coellicients, warpage has been found to occur dur-
ing the molding step. This has resulted 1n delamination, which
can occur, for example, at interfaces between the independent
terminals and the msulating material.

Third, 1n the conventional process the independent termi-
nals are etched before the steps of mounting the semiconduc-
tor chip and molding the structure. External forces can cause
the location of the independent terminals to deviate from
desired positions making alignment and placement of the
semiconductor chip onto the independent terminals difficult.
This can detrimentally impact process cycle time and device
reliability.

Accordingly, it 1s desirable to have a structure and method
for forming electronic device package structures including
CSP structures and tsCSP structures that address the 1ssues
set forth above as well as others.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1H 1illustrate cross-sectional views an elec-
tronic package according to an embodiment of the present
invention at various stages of fabrication;

FIGS. 2A to 21 1llustrates cross-sectional views of an elec-
tronic package according to another embodiment of the
present invention at various stages of fabrication; and

FIGS. 3A to 3E show cross-sectional views of arelated thin
substrate chip scale package structure at sequential stages of
manufacture.

For simplicity and clarity of the 1llustration, elements in the
figures are not necessarily drawn to scale, and the same ret-
erence numbers 1n different figures denote the same elements.
Additionally, descriptions and details of well-known steps
and elements are omitted for simplicity of the description.

DETAILED DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1H illustrate cross-sectional views of an elec-
tronic package structure 100, such as a semiconductor pack-
age at various stages of fabrication 1n accordance with a first
embodiment. In one embodiment, electronic package struc-
ture 100 1includes a single unit leadframe 10 having a prede-
termined thickness as illustrated 1n FIG. 1A. In one embodi-
ment, leadframe 10 can be a conductive material such as a
metal, a metal alloy, a material electroplated with a conduc-
tive material, or similar material as known by one of ordinary
skill 1n the art.

Portions of a top surface of single unit leadframe 10 are
removed to form a plurality of terminals or terminals 12 that
have a desired pattern and that protrude upward from remain-
ing portions of single unit leadframe 10 as 1llustrated 1n FIG.
1B. In one embodiment, a first or top surface of single unit
leadirame 10 1s covered by a mask, such as photoresist, and
portions of the top surface are etched away in etch solution
thereby forming terminals 12 having the desired pattern and
protruding from the top surface of single unit leadirame 10.

In one embodiment, an electronic device such as, a semi-
conductor chip 14 is attached to terminals 12, as 1llustrated 1n
FIG. 1C. In accordance with one embodiment, conductive
structures or conductive mput/output terminals 22 electri-
cally connect bond pads on semiconductor chip 14 to termi-
nals 12. In one embodiment, input/output terminals 22 are
configured as conductive bumps 22a. In one embodiment,
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conductive bumps 22a allow the bonding pads of semicon-
ductor chip 14 to be conductively attached or welded to each
of the respective terminals 12 of single unit leadframe 10 by
a reflow process.

FIG. 1D 1illustrates a cross-sectional view of electronic
package structure 100 after further processing. In one
embodiment, a molding compound resin or encapsulating
layer 16 can be molded throughout the top surface of single
unit leadirame 10 to encapsulate semiconductor chip 14 and
conductive input/output members 22. In one embodiment,
molding compound resin 16 completely covers side surfaces
122 of terminals 12 as illustrated in FIG. 1D, which 1s differ-
ent than the previous device shown 1n FIG. 3E where resin
layer 7 can only partially cover the side surfaces terminals 4
because other portions of the side surfaces of terminals 4 are
covered by dielectric material 3. Stated another way, side
surfaces 122 of terminals 12 are devoid of an insulating layer
as 1llustrated i FIG. 1D.

In contrast to previous methods where the separated termi-
nals are formed by etching the leadirame before mounting
and encapsulating the semiconductor chip, the mounting of
semiconductor chip 14 and the molding by molding com-
pound resin 16 are performed without separating single unit
lead frame 10 into independent terminals, which improves the
handling efficiency between processing steps. Also, the
method 1n accordance with the present embodiment mini-
mizes the effects caused by the separated terminals deviating,
from desired locations betfore the semiconductor chip mount-
ing step as found 1n the previous method. In addition, because
terminals 12 of single unit leadframe 10 are simultaneously
connected to semiconductor chip 14 and still connected
together during the molding step, the previous 1ssues of inter-
face delamination due to warpage can be reduced.

FIGS. 1E to 1H illustrate cross-sectional views of elec-
tronic package structure 100 after further processing of single
unit leadirame 10 to form mdependent terminals or terminals
20. In one embodiment, portions of a second or bottom sur-
face single unit leadirame 10 can be removed to form termi-
nals 20 using photoresist and etch process. In one embodi-
ment, a layer of photoresist 18 1s attached to or formed on the
bottom surface of single unit leadirame 10 as illustrated in
FIG. 1E.

Subsequently, photoresist 18 can be exposed and devel-
oped leaving a desired pattern protecting or covering portions
of the bottom surface of single unit leadirame 10 where
terminals 20 are to be formed, as 1llustrated in FIG. 1F. This
step leaves portions of the bottom surface of single unit lead-
frame 10 exposed, and these exposed portions can then be
removed or etched away to form independent terminals 20, as
illustrated 1 FIG. 1G. Photoresist layer 18 can then be
removed. In the present embodiment, independent terminals
20 are formed after the molding. Independent terminals 20 are
configured for attachment to a next level of assembly. In one
embodiment, the removal step to form independent terminals
20 can expose portions of terminals 12 through molding
compound resin 16, as illustrated 1n FIG. 1G.

In an optional step, an msulating material 24, such as an
epoXxy resin, a solder resist or a molding compound resin, can
be placed or filled 1n spaces formed between independent
terminals 20 as 1llustrated in F1G. 1H. This step can be used to
planarize the bottom surface of electronic package structure
100 and to further insulate independent terminals 20 from
cach other. In this configuration, independent terminals 20
can be attached to anext level of assembly using, for example,
solder balls or solder bumps.

FIGS. 2A to 21 are cross-sectional views of an electronic
package structure 200, such as a semiconductor package at
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various stages ol fabrication in accordance with another
embodiment. In one embodiment, electronic package struc-
ture 200 has a configuration similar to electronic package
structure 100 and 1s fabricated 1n similar manner. However,
clectronic package structure 200 1s different than electronic
package structure 100 because conductive wires 2256 are used
as conductive input/output members 22 connecting semicon-
ductor chip 14 to single unit leadirame 10.

In one embodiment, electronic package structure 200
includes single umt leadirame 10 having a predetermined
thickness as illustrated 1n FIG. 2A. Terminals 12 can formed
to protrude from the top surface of single unit leadirame as
illustrated 1n FIG. 2B and further described in conjunction
with FIG. 1B. In accordance with the present embodiment,
bonding layers or plated layers 26 can be formed on some of
terminals, as 1llustrated 1n FIG. 2C to facilitate the using of
bonding wires 225. In one embodiment, terminals 12 can be
made of copper, and layers of gold (Au) and nickel (N1) can be
sequentially formed or plated onto surfaces of terminals 12 to
form bonding layers 26. In another embodiment, layer of
silver (Ag) can formed or plated onto surfaces of terminal 12
to form bonding layers 26.

Subsequently, semiconductor chip 14 1s attached to single
unit leadirame 10 using, for example, an adhesive material
33, and conductive wires 225 are attached to bonding pads on
semiconductor chip 14 to bonding layers 26 on terminals 12,
as 1llustrated 1n FIG. 2D. Molding compound resin 16 1s then
molded throughout the top surface of single unit leadframe 10
to encapsulate semiconductor chip 14 and conductive wire
225, as 1llustrated 1n FIG. 2E.

Similar to the method used to form electronic package
structure 100, the method 1n accordance with the present
embodiment includes the steps of mounting of the semicon-
ductor chip 14 and molding by molding compound resin 16
betore single unit leadirame 10 1s separated 1into independent
terminals 20. Thus, handling efliciency between processing
steps 1s 1mproved. Also, the method 1n accordance with the
present embodiment minimizes the effects caused by the
separated terminals deviating from desired locations before
the semiconductor chip mounting step as found in the previ-
ous method. In addition, because terminals 12 of single unit
leadirame 10 are simultaneously connected to semiconductor
chip 14 and are still connected together during the molding
step, the previous issues of interface delamination due to
warpage can be reduced.

FIGS. 2F to 21 1llustrate cross-sectional views of electronic
package structure 200 after further processing of single unit
leadirame 10 to form independent terminals or terminals 12.
In one embodiment, terminals 12 are formed in electronic
package 200 in a stmilar manner, as described 1n conjunction
with FIGS. 1E to 1H.

From all of the foregoing, one skilled in the art can deter-
mine that according to one embodiment, a method for form-
ing an electronic package structure (for example, elements
100, 200) includes providing a single unit leadirame (for
example, element 10) having first terminals (for example,
clement 12) protruding in a predetermined array on a first
surface. The method includes attaching an electronic chip (for
cxample, element 14) to the first surface. The method
includes forming an encapsulating layer (for example, ele-
ment 16) on the first surface to encapsulate the electronic
chip. The method includes removing portions of a second
surface of the single unit leadirame to form independent
terminals (for example, element 20) on the second surface.

Those skilled in the art will also appreciate that, according
to another embodiment, a method of forming a semiconduc-
tor package structure (for example, elements 100, 200)
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includes comprising providing a single unit leadiframe (for
example, element 10) having first terminals (for example,
clement 12) protruding from a first surface. The method
includes attaching a semiconductor chip (for example, ele-
ment 14) to the first terminals. The method includes encap-
sulating the semiconductor chip and the first surface with
encapsulating layer (for example, element 16). The method
includes thereafter removing portions of a second surface of
the single unit leadframe opposite to the first surface to form
independent terminals (for example, elements 20) electrically
coupled to the first terminals.

Those skilled 1n the art will also appreciate that according,
to a further embodiment, an electronic package structure (for
example, elements 100, 200) a leadirame (for example, ele-
ment 10) having first terminals (for example element 12)
defining a first surface and second terminals defining a second
surface, wherein the first terminals and the second terminals
are connected together 1n a predetermined pattern. An elec-
tronic chip (for example, element 14) 1s attached to the first
surface and electrically coupled to the first terminals (for
example, elements 22, 22a, 22b). An encapsulating layer ({or
example, element 16) covers the electronic chip and the first
terminals including side surfaces (for example, element 120)
thereof.

In view of all the above, 1t 1s evident that a novel method
and structure 1s disclosed. Included, among other features, 1s
a single unit leadframe having first terminals formed to pro-
trude from a first surface of the single unit leadiframe. An
clectronic chip 1s then attached to the single unit leadirame
and electrically connected to the first terminals. The elec-
tronic chip and first terminals are covered with an encapsu-
lant. Portions of the second surface of the single unit lead-
frame are then removed to form independent terminals, which
are electrically connected to the first terminals. The method
and structure reduce handling problems associated with prior
methods. The method and structure also reduce alignment
problems during the chip attachment process associated with
prior methods, and further reduce problems associated with
delamination between the encapsulating layer and the lead-
frame.

While the subject matter of the invention 1s described with
specific preferred embodiments and example embodiments,
the foregoing drawings and descriptions thereof depict only
typical embodiments of the subject matter, and are not there-
fore to be considered limiting of its scope. It 1s evident that
many alternatives and varnations will be apparent to those
skilled 1n the art. For example, the subject matter has been
described for semiconductor devices; however the method
and structure 1s directly applicable to other electronic devices,
such as optoelectronic devices, sensor devices, 1maging
devices, solar cells, medical devices, and other devices con-
figured for and/or benefited by package structures.

As the claims hereinatter retlect, inventive aspects may lie
in less than all features of a single foregoing disclosed
embodiment. Thus, the hereinafter expressed claims are
hereby expressly incorporated into this Detailed Description
of the Drawings, with each claim standing on 1ts own as a
separate embodiment of the invention. Furthermore, while
some embodiments described heremn include some but not
other features included in other embodiments, combinations
ol features of different embodiments are meant to be within
the scope of the mvention, and form different embodiments,
as would be understood by those skilled 1n the art.

What is claimed 1s:
1. A method for forming an electronic package structure
comprising;
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providing a single unit leadirame having first terminals
protruding in a first predetermined array on a first sur-
face, the first terminals separated by a plurality of
grooves;

placing an adhesive within a first groove, wherein the adhe-

stve 15 absent from a second groove;

attaching an electronic chip to the first surface with the

adhesive, wherein the electronic chip overlaps the first
groove;

forming an encapsulating layer on the first surface to

encapsulate the electronic chip, wherein the encapsulat-
ing layer 1s within the second groove; and

removing portions of a second surface of the single unit

leadirame to form second terminals 1n a second prede-
termined array on the second surface and coupled to the
first terminals, wherein the first predetermined array 1s
different than the second predetermined array.

2. The method of claim 1, wherein attaching the electronic
chip comprises:

attaching the electronic chip to the first surface; and

attaching conductive structures to bond pads on the elec-

tronic chip and to the first terminals.

3. The method of claim 1, wherein removing portions of the
second surface of the single unit leadframe includes exposing
a surface of the adhesive, the method further comprising
forming an insulating layer in spaces between the second
terminals, wherein the insulating layer adjoins the exposed
surface of the adhesive layer.

4. The method of claim 1, wherein forming the encapsu-
lating layer includes forming the encapsulating layer to com-
pletely cover side surfaces of the first terminals.

5. The method of claim 1, wherein removing portions of the
second surface includes forming the second terminals such
that the first terminals are wider than the second terminals.

6. The method of claim 1, wherein removing portions of the
second surface comprises:

forming a photoresist layer on the second surface;

patterning the photoresist layer to expose portions of the

second surface; and

ctching the exposed portions of the second surface.

7. The method of claim 1 further comprising forming an
insulating layer in spaces between the second terminals.

8. The method of claim 1, wherein providing the single unit
leadirame comprises:

forming a patterned mask on the first surface; and

removing exposed portions of the first surface to form the

first terminals.

9. The method of claim 1 further comprising forming a
bonding layers on at least a portion of the first terminals.

10. The method of claim 1, wherein attaching the electronic
chip comprises electrically connecting opposing major sur-
faces of the electronic chip to the first terminals.

11. A method of forming a semiconductor package struc-
ture comprising;:

providing a single unit leadirame having first terminals

protruding from a first surface 1n a first predetermined
array, wherein the first predetermined array includes a
first groove and a second groove;

attaching a semiconductor chip to the single unit leadirame

with an adhesive layer 1n the first groove absent from the
second groove, wherein the semiconductor chip over-
laps the first groove, wherein opposing major surfaces of
the semiconductor chip are electrically connected to the
single unit leadirame;

encapsulating the semiconductor chip and the first surface

with an encapsulating layer, the encapsulating layer
being within the second groove but not the first groove;
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thereafter removing portions of a second surface of the
single unit leadiframe opposite to the first surface to form
second terminals 1n a second predetermined array on the
second surface and electrically coupled to the first ter-
minals, wherein the removing step exposes a surface of
the adhesive; and

forming an 1nsulating layer 1n spaces between the second
terminals, wherein the msulating layer adjoins the
exposed surface of the adhesive layer.

12. The method of claim 11, wherein removing portions of

the second surface comprises:

forming a masking layer on the second surface leaving
portions of the second surface exposed; and

etching the second surface to form the second terminals.

13. The method of claim 12, wherein forming the masking
layer includes forming a photoresist layer.

14. The method of claim 11, wherein attaching the semi-
conductor chip includes attaching bond pads on the semicon-
ductor chip to the first terminals using conductive structures.

15. The method of claim 14, wherein attaching the semi-
conductor chip includes attaching the bond pads to the first
terminals with conductive wires.

16. The method of claim 11, wherein removing portions of
the second surface compromises removing portions of the
second surface to form a thin substrate chip scale package
structure, and wherein removing portions of the second sur-
face comprises providing the second predetermined array
different than the first predetermined array, wherein at least
some of the first terminals are wider than the second termi-
nals.

17. A method for forming a thin substrate chip scale pack-
age electronic device comprising:

providing a leadirame comprising a conductive material

and having a plurality of upper terminal portions pro-
truding from a first surface 1n a first predetermined pat-
tern, the first predetermined pattern including a plurality
of grooves between the upper terminal portions, the
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leadirame further comprising a generally planar second
surface opposed to the first surface;

placing an adhesive within a first groove, wherein the adhe-

stve 15 absent from at least a second groove;

attaching an electronic device to the adhesive and electri-

cally coupled to the upper terminal portions;

forming a molded encapsulating layer covering the elec-

tronic device, portions of the first surface between the
upper terminal portions, and side surfaces of the upper
terminal portions, wherein the molded encapsulating
layer 1s within the second groove but not within the first
groove;

thereafter removing portions of the leadirame from the

second surface in a second predetermined pattern to
provide a plurality of lower terminal portions connected
to the upper terminal portions with spaces between the
plurality of lower terminal portions, wherein the second
predetermined pattern 1s different than the first predeter-
mined pattern, wherein removing portions of the lead-
frame from the second surface includes exposing por-
tions of the molded encapsulating layer and a portion of
the adhesive; and

providing an insulating layer within the spaces, wherein

the insulating layer adjoins the adhesive.

18. The method of claim 17, wherein:

providing the leadiframe comprises:

forming a masking layer on the leadirame having the
first predetermined pattern, and partially etching por-
tions of the leadirame to form the plurality of upper
terminal portions and the plurality of grooves; and
providing the mnsulating layer comprises forming a resin
material within the spaces.

19. The method of claim 17, wherein attaching the elec-
tronic device to the adhesive and electrically coupled to the
upper terminal portions comprises electrically connecting,
opposing major surfaces of the electronic device to the upper
terminal portions.
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